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INTRODUCTION
Hematologic disorders, including thrombocytopenia, are a common symptom of systemic lupus erythemtosus (SLE). The level of blood platelets (PLT) below 10 G/l is known as laboratory significant thrombocytopenia and is considered to be one of the criteria for the diagnosis of lupus according to the American College of Rheumatology (ACR) and others [1] [2] [3] . It can affect 7-30% of SLE patients [4] , and half of them suffer from thrombocytopenia at the beginning of diagnosis. Thrombocytopenia is also taken into account in the assessment of SLE activity by various international scales, such as SELENA-SLEDAI and BILAG [5, 6] .
Increased peripheral platelet destruction related to the presence of antiplatelet antibodies is considered to be the most common cause of thrombocytopenia [7, 8] . Other reasons include impaired platelet production secondary to the presence of antibodies against thrombopoietin. The coexistence of SLE with the Anti-Phospholipid Antibody Syndrome (APS) or hemolytic anemia plays an important role in the etiology of hematological disorders [9] . Immunosuppressive drugs, such as azathioprine, or less frequently, hydroxychloroquine (HCQ), may also cause a reduction in the level of platelets. Very rare causes include thrombotic thrombocytopenic hemorrhagic diathesis, or thrombotic microangiopathic hemolytic anemia.
The course of thrombocytopenia can be very severe or even life-threatening. It has been proved that thrombocytopenia is an independent risk factor for increased mortality in SLE [10] [11] [12] .
One of the major clinical and treatment problems is the profound and treatment-resistant thrombocytopenia in the course of SLE [8] . By default, the first line drugs include corticosteroids (CS), which give good results [10] in the treatment of acute thrombocytopenia. In contrast, chronic thrombocytopenia is less responsive to this treatment; therefore, it requires higher doses of CS and is more difficult to treat effectively. In the case of failure of standard corticosteroid treatment, one of the immunosuppressive drugs is normally used: azathioprine (AZA), mycophenolate mofetil (MMF), cyclosporine (CsA), or methotrexate (MTX) [13] . In certain cases, danazol treatment is also applied. If immunosuppressive therapy is ineffective, splenectomy is considered, although opinions on this procedure vary and are highly dependent on the individual clinical situation and expert opinion. The problem mainly concerns the possibility of performing the surgical treatment with low level of PLT, the effectiveness itself, and the risk of increased exposure to infections after the procedure [14, 15] . In severe thrombocytopenia resistant to standard CS treatment, cyclophosphamide (CTX) is used intravenously in pulse therapy and immunoglobulins [16, 17] . As a parallel treatment, or in the case of CTX failure, plasmaphereses can be used as a method for removing the circulating antibodies that destroy platelets.
With the ineffectiveness of these methods, treatment with the use of rituximab (monoclonal anti-CD20 antibody, RTX) [18, 19] is considered, as well as autologic or allogenic transplantation of bone marrow stem cells [20, 21] . The latest methods of treatment of thrombocytopenia include therapies using drugs that stimulate thrombopoiesis, i.e. thrombopoietin receptor agonists (romiplostim, eltrompobag) or a thrombopoietic growth factor (IL-11) [22] [23] [24] . However, to-date, no data is available on the use of these drugs in the treatment of thrombocytopenia in SLE patients.
Due to the immunological nature of hematological abnormalities in SLE, the use of platelet concentrates is not usually recommended. The exception is active bleeding or planned surgery, when the platelet level remains below 20 G/l. Given that the majority of immunosuppressive drugs used to treat lupus can also cause or intensify thrombocytopenia, the decision about the choice of therapy can be sometimes very difficult. It requires medical experience in this subject and treatment individualization for each patient.
CASE 1
53-year-old male patient diagnosed with SLE was admitted to hospital because of extreme thrombocytopenia (level of PLT 0-1 G/L) and symptoms of hemorrhagic diathesis. In 2005, the patient was diagnosed with SLE, based on typical skin lesions and arthritis. Thrombocytopenia (level of PLT 20-30 G/L) and antinuclear antibodies were also observed. In the beginning, the patient was been successfully treated with low dose of methylprednisolone (CS) 4mg/per day and chloroquine (CQ) 250 mg/per day. Afterwards, due to secondary ineffectiveness of the previously used standard therapy, the patient was started on biological therapy with epratuzumab anti-CD22 drug. For at least one year the patient was in a clinical trial (randomized and double blind, and therefore may have been receiving placebo). The patient was never unblinded.
On admission, the patient was found with extensive petechiae and bruising of the skin of the whole body, as well as on oral mucosa, inflammatory erythema on the face and torso. Laboratory tests (Tab. 1 and 2) showed undetectable levels of platelets (PLT -0 G/L). In addition, the deviations observed included accelerated erythrocyte sedimentation rate (ESR), the presence of anti-nuclear antibodies (ANA) with the presence of anti-RNP and anti-Sm antibodies, decreased levels of complement C4 and the presence of glycoprotein antibodies IIb/IIIa (GPIIb/IIIa). Despite the life-threatening condition of the patient, SLE activity on the SLEDAI scale was only rated 6 points (Tab. 3). Due to active bleeding, symptomatic treatment was carried out, together with transfusions of platelets concentrates, erythrocyte mass, followed by intravenous pulse therapy with high dose of CS (methylprednisolone at cumulative dose of 6.0g) added. In the absence of positive clinical effects, dexamethasone in the dose of 40 mg i.v. was applied for 5 consecutive days. Unfortunately, previous treatment was not successful. Due to the persistent extreme thrombocytopenia (PLT 0-1 G/L), immunoglobulins were given intravenously in the dose of 2g/ per kg for 5 days. In total, the patient was treated with 140g of IVIG. The critical decision was then made to add cyclophosphamid (CTX) as immunosuppressive therapy, which was initiated following pulse therapy (CTX 600mg i.v. every 2 weeks for a total of 6 doses). CS therapy was continued orally (prednisone at a dose of 0.5 mg/kg). In the following days, platelet levels still remained at extremely low levels (PLT 0-1 G/L), although there was no bleeding or new signs of hemorrhagic diathesis.
In the next phase of the scheduled treatment, the patient was subjected to a cycle of plasmapheresis. Three plasma exchange procedures were performed, 2,100ml of each plasma was exchanged with albumins and fresh frozen plasma concentrates, and immunoglobulins were then administered again (2g/kg i.v) together with a second dose of CTX (600mg i.v). Only then a gradual increase in the level of platelets was observed. CS treatment was continued orally, gradually reducing the dose, and CTX therapy was performed under the planned scheme. In control, platelets remained at a satisfactory level (PLT 98-108-141 G/L) and no other signs of lupus activity were observed. CTX treatment was completed when the patient received 3,600mg of the drug in total. Then, to maintain remission, the therapy of mycophenolate mofetil (MMF) at dose of 2.0 g/day with good tolerance and efficacy, was included. In addition, anti-CD22 (epratuzumab)/or placebo treatment in this patient was stopped, and not resumed. In subsequent controls, platelets and SLE activity continued to remained stable. 
CASE 2
A 19-year-old female patient was admitted to the Rheumatology Department ward in a very severe condition with a few weeks exacerbation of multiple organ symptoms of lupus, including profound thrombocytopenia. For several months, the patient had shown general weakness and leukopenia. On admission, the condition spread to the skin and mucous membranes. There were also observed hepatitis, acute pancreatitis, pleuritis, pericarditis, the presence of fluid in the abdominal cavity, as well as the characteristics of spread to the central nervous system of lupus nephritis and vasculitis. Laboratory tests revealed thrombocytopenia (PLT -17 G/L), leukopenia, anemia, high levels of liver, kidney and pancreatic enzymes. Additionally, an increased rate of CRP (C-reactive protein) and the presence of high titers 1:640 of antinuclear antibodies (ANA) was detected. The profile of ANA consisted of antinative DNA, Sm, SSA, SSB and Ro52. Significant decreased levels were observed of C3 and C4 complement. Given such a broad spectrum of symptoms, SLE activity was rated very high -51 points on the SLEDAI scale. Initially, the patient required life-threatening procedures with symptomatic treatment. Erythrocyte mass transfusion and fresh frozen plasma were used, together with treatment with high-dose CS pulse therapy (3.0g of methylprednisolone i.v. in the cumulative dose for one cycle). A full dose of immunoglobulins was used (cumulative dose of 150g i.v. for 5 consecutive days), and 4 series of plasmapheresis procedures with limited effectiveness. Due to active lupus and previously performed treatment there were also metabolic disorders, as well as neurological and psycho-organic complications. Additionally, progression of lupus nephritis with increased renal failure complicated with urinary tract infections was observed. Afterwards, intensive multi-directional systemic treatment was conducted, including classical antibacterial and antifungal treatment. Corticosteroids therapy was continued (prednisolone at a dose of 0.5 mg/kg orally), and a number of standard drugs used to improve the kidney and cardiovascular system functions.
Following a careful risk and benefits evaluation, including immunosuppressive therapy, it was decided to administer the patient with CTX with the dose adjusted to the parameters of renal function and thrombocytopenia. The performed scheduled was as follows: CTX i.v. 400mg every 2 weeks for a total of cumulative 6 doses. A gradual clinical improvement was observed during subsequent weeks. Renal function was improved, followed by decreased proteinuria, and the reduction of fluid in the body cavities. Moreover, a continuous increase in the level of blood platelets (PLT 43-148 G/L) and leukocytes was noted. SLE activity rated in SLEDAI significantly decreased from 51 to 26 points (Tab. 3). Already after the second pulse dose of CTX, the patient's condition allowed her discharge home. The CTX treatment was then continued under subsequent hospitalization according to the schedule. In the meantime, the dose of CS was gradually reduced. Further regression of clinical symptoms was observed, together with a definite improvement and stabilization of laboratory results. The level of platelets remained at 140 G/L. After the end of the scheduled CTX therapy, the patient received a total cumulative dose of 3,200mg, and MMF treatment was initialized at a dose of 3.0 g/day to maintain the long-term clinical and immunological remission of SLE.
CASE 3
A 41-year-old female patient was admitted due to extreme thrombocytopenia (PLT -2 G/L), with clinical symptoms of hemorrhagic diathesis. She had diagnosed with SLE 15 years ago on the basis of arthritis, skin lesions, nephropathy, and the presence of antinuclear antibodies. Throughout the period of the disease, the patient was chronically treated with high doses of CS with complications of this therapy. Additionally, she was treated with CQ as basic, and with modifying drugs such as CsA, RTX and MMF which were used step-bystep. The above treatment was not successful because of the deep and treatment-resistant thrombocytopenia which has been observed for two years. The patient, who noted life-saving indications, required multiple transfusions of platelet concentrates. On admission, the patient suffered from bleeding diathesis, livedo reticularis, swollen and tender joints and muscles, and signs and symptoms of iatrogenic hypercorticism. Laboratory results demonstrated thrombocytopenia (PLT -2 G/L), anemia, leukocytosis, increased ESR, elevated ANA, including positive anti-dsDNA and decreased C3 complement (Tab. 1, 2). SLE activity on the SLEDAI scale was rated at a moderate 10 points (Tab. 3). It was decided to use the standard CS treatment in pulse therapy (methylprednisolone 5x1,000 mg iv.) and CTX (according to the scheme: 400 mg iv. every 2 weeks for a total of 6 cycles). Due to the resistance to CS and the previously used immunosupression, an immunoglobulin therapy was also included at a dose of 3g/kg (total dose of 240 g for 5 days). CS treatment was continued orally at a moderate dose (dexamethasone 2mg/day). Mild remission was achieved, but in spite of the immunosuppressive treatment, there were still recurring symptoms of hemorrhagic diatheses with low levels of platelets (PLT -0 -7 G/L). Before administering the fourth cycle of CTX (so far, the patient has received a total of 1,200 mg CTX i.v.), abdominal pain, nausea and malaise were observed. Moreover, laboratory results revealed a significant increase in inflammatory parameters (ESR -125 mm/h, CRP -386 mg/l). Further diagnostic tests, including imaging techniques, confirmed the presence of a perinephric abscess. Immunosuppressive therapy was abandoned, the patient required drainage of the abscess and intensive targeted antibiotic therapy. Long-term treatment resulted in a gradual stabilization of the patient's general condition, with clinical and laboratory improvement. Platelet levels significantly increased, reaching satisfactory values (PLT -from 34 to 100 G/L). Oral treatment with low-dose of CS (dexamethasone 1mg/day) and CQ was continued with sustainable improvement.
DISCUSSION
Thrombocytopenia in the course of SLE is a common hematological disorder for which there is no specific treatment scheme [25] . Corticosteroids are the first-line therapy. Nevertheless, chronic corticosteroid treatment may lead to a well-known spectrum of complications. Taking into consideration various reasons for thrombocytopenia in SLE patients, the CS therapy is not always completely effective, as described in the above cases. Therefore, it should not be used in general as the only absolute standard. Normally used immunosuppressive drugs as additives to CS to treat active lupus with thrombocytopenia, such as MMF, CTX and CsA, can also generate a number of side-effects, e.g. granulocytopenia and severe infections, hemoglobin decrease, and paradoxically, a lower level of blood platelets. All things considered, the above treatment is extremely difficult and requires great clinical experience. In the absence of specific therapy, a severe problem in treatment-resistant thrombocytopenia is the approach towards the treatment of these hematological disorders, significant for the active and intricate lupus. Opinions and experiences in this regard vary and change often.
A new opportunity in SLE treatment is provided by biological agents, such as rituximab (anti-CD20) [18] . It especially causes depletion of B lymphocytes and thus limits the overproduction of antibodies. Good results of this treatment are observed mainly in SLE with secondary antiphospholipid syndrome (APS) and catastrophic antiphospholipid syndrome (CAPS) with severe thrombocytopenia [26] . However, access to this therapy is still limited and off-label. Nevertheless, one of the above-described patients was probably targeted by epratuzumab (anti-CD22). Yet, nowadays, there is no additional data about its effect on platelets level. It may decrease SLE activity and therefore increase platelets level. On the contrary, it might cause and enhance thrombocytopenia, which was suspected in one of the described patients. It is essential to remember that the limitation of this observation is the unblinded situation of the patient in a clinical trial.
It should be emphasized how clinical manifestation was very different for the described patients and how varied the course of SLE was with accompanying thrombocytopenia, which can be seen in the SELENA-SLEDAI scoring scale (Tab. 3).
In the activity assessment by this scale, thrombocytopenia only scored one point, but it can be very severe and lifethreatening. Decreased blood platelet levels in serum may be the first symptom of SLE (case 1 and 3), it may be present for the entire duration of the disease or may appear during a severe exacerbation as an isolated, leading and treatmentresistant symptom.
Chronic thrombocytopenia is much more common and correlates less with disease activity (Cases 1 and 3), but is also more responsive to CS treatment. However, as described in the above cases, CS therapy was ineffective and potentially led to life-threatening side-effects.
Acute thrombocytopenia (Case 2) is less frequent in patients with SLE and is more resistant to treatment. It can occur as part of the manifested pancytopenia, and may accompany many other serious organ complications. Despite resistance to CS, it may undergo immunosuppressive treatment fairly quickly (Case 2). A correlation between the platelet deficit and activity of SLE in other systems allows for the classification of this symptom as part of the clinical manifestation of the active disease, and gives greater efficacy of the standard treatment. In the case of autoimmune disorders, aggressive immunosuppressive therapy can provide a good response, but not necessarily with immediate effects (Case 1). Treatment in such cases requires a lot of experience, prudence and consistent therapeutic strategy. However, we do not always have confident knowledge of the causes of thrombocytopenia, even after thorough analysis of all its possible causes (Cases 1 and 3). The etiology of hematological disorders cannot exclude the effect of drugs, infections and various unknown factors that may induce or intensify thrombocytopenia in the course of SLE. Given that the majority of immunosuppressive drugs used to treat lupus can also cause or intensify thrombocytopenia, the decision about the choice of therapy can be very difficult. In patients chronically treated with CS and in whom the risk of infections and their complications is relatively high [27] , thrombocytopenia may be one of the symptoms of bacterial inflammation, such as an abscess (Case 3).
In the cases cited, all known methods of therapy were used (Fig. 1) . This illustrates the importance and scale of the problem. Hence, more specific treatments of hematological disorders secondary to SLE are continuously being explored. Recent reports show that HCQ used in patients with longterm immune thrombocytopenia with documented failure of various other standard methods of treatment, results in a very good effect in up to 83% of cases. This treatment primarily allows reduction of CS doses in most patients [13] , and sometimes even discontinuation of CS treatment. A beneficial and permanent effect of increased blood platelets at more than 100 G/L was obtained by applying a long-term HCQ regimen over 5 months. The patients presented above (Cases 1-3) were also treated with an anti-malarial drug, but not all of them had the chance of obtaining the effects of this therapy due to its duration. Considering the fact that HCQ is currently the basic therapy in SLE, the effect of future treatments of thrombocytopenia should be much improved.
Thrombocytopenia is not only one of the criteria for the diagnosis or classification of SLE, but above all, it is a critical point in the treatment of systemic lupus. Hematologic disorders associated with SLE can be both a symptom of disease activity and a symptom of instability due to another cause. Because of the complex etiology of thrombocytopenia, careful analysis of its causes appears to be mandatory in every case. Recurrent severe thrombocytopenia in active SLE requires immunosuppressive treatment. Both cyclophosphamide and mycophenolate mofetil may be effective. Treatments that cause depletion of B lymphocytes (rituximab or epratuzumab) or the newly available drug belimumab, which inactivates B cells, are very promising and give encouraging results. Yet, this therapeutic regimen ought to be further investigated and proved in future clinical studies and daily practice.
